The aim of this study was to identify risk factors associated with PFS in patients with Ewing sarcoma undergoing ASCT; 116 patients underwent ASCT in 1989-2000 and reported to the Center for International Blood and Marrow Transplant Research. Eighty patients (69%) received ASCT as first-line therapy and 36 (31%), for recurrent disease. Risk factors affecting ASCT were analyzed with use of the Cox regression method. Metastatic disease at diagnosis, recurrence prior to ASCT and performance score o90 were associated with higher rates of disease recurrence/progression. Five-year probabilities of PFS in patients with localized and metastatic disease at diagnosis who received ASCT as first-line therapy were 49% (95% CI 30-69) and 34% (95% CI 22-47) respectively. The 5-year probability of PFS in patients with localized disease at diagnosis, and received ASCT after recurrence was 14% (95% CI 3-30). PFS rates after ASCT are comparable to published rates in patients with similar disease characteristics treated with conventional chemotherapy, surgery and irradiation suggesting a limited role for ASCT in these patients. Therefore, ASCT if considered should be for high-risk patients in the setting of carefully controlled clinical trials.
Introduction
Ewing sarcoma is predominantly a tumor of older children and young adults with 70% of patients aged less than 21 years at diagnosis. 1 Five-year event-free survival of patients with localized tumors is 69% using a combination of chemotherapy, surgery and irradiation. 2 In contrast, survival for patients with metastatic disease at diagnosis or recurrent tumor is less than 40%. [3] [4] [5] [6] [7] Other poor prognostic factors include large tumors (tumor volume 4200 ml or maximal tumor diameter X8 cm), tumors of the axial skeleton, poor histologic response following initial chemotherapy and variant fusion transcripts. [8] [9] [10] [11] In an effort to improve PFS rates in patients with known poor prognostic factors, several investigators have utilized highdose chemotherapy and ASCT. Some of these studies reported PFS rates superior to conventional therapy while in other studies survival rates were comparable to conventional treatment. [12] [13] [14] [15] [16] The eligibility criteria for ASCT have varied and conclusions hampered by the small numbers of patients. In this report, we analyzed patients with Ewing sarcoma (N ¼ 116) treated with ASCT between 1989 and 2000 to identify risk factors influencing progression-free and overall survival.
Patients and methods

Data collection
Data on patients undergoing ASCT were obtained from the Center for International Blood and Marrow Transplant Research. The Center for International Blood and Marrow Transplant Research comprises of a voluntary working group of more than 450 transplant centers worldwide. Data are collected on allogeneic transplants performed worldwide and autologous transplants performed in North and South America. Participating transplant centers register all transplants and provide detailed patient, disease, transplant and outcome data on a representative sample of patients, selected using a weighted randomized scheme, to a Statistical Center at the Medical College of Wisconsin, Milwaukee. Compliance and data quality are monitored by computerized error checks, on-site audits and physician review of submitted data. All patients are followed longitudinally, with yearly follow-up on all surviving patients. The Institutional Review Board of the Medical College of Wisconsin approved this study.
Inclusion criteria
One hundred and sixteen patients with primary or recurrent Ewing sarcoma who underwent ASCT with myeloablative conditioning regimen as their first transplant in 1989-2000 were eligible. These patients were transplanted in 37 North American and two South American centers. The decision to offer ASCT and all aspects of conditioning regimens and supportive care were at the discretion of the transplant centers. Patients who received planned second ASCT were excluded.
Study end points
Hematopoietic recovery was defined as achieving an absolute neutrophil count X0.5 Â 10 9 /l and platelets X20 Â 10 9 /l, unsupported for 7 days. Transplant-related mortality was defined as death in the first 28 days after transplant or death occurring beyond this period in the absence of persistent disease, recurrence or tumor progression. Relapse or progression, were defined as disease recurrence or progressive disease occurring beyond 28 days after transplantation. Survival without recurrence or tumor progression, as detected by physical examination and/or radiography was defined as PFS.
Statistical methods
Univariate probabilities of neutrophil recovery, platelet recovery, transplant-related mortality and relapse or progression were calculated using cumulative incidence estimator. 17 For neutrophil and platelet recovery, death without the event was the competing risk. For transplantrelated mortality, relapse or progression was the competing risk and for relapse or progression, transplant-related mortality was the competing risk. Univariate probabilities of progression-free and overall-survival were calculated using the Kaplan-Meier estimator. 18 For PFS, recurrence or progression of disease or death from any cause was considered an event. Patients surviving without recurrence or progression were censored at the date of last contact. For overall survival, death from any cause was considered an event. Surviving patients were censored at the date of last contact. Ninety-five percent confidence intervals (CI) were calculated using log transformation.
Cox proportional hazards regression models were constructed for transplant-related mortality, relapse/progression and overall mortality. 19 Models were built using a forward stepwise selection process and variables that attained a P-value p0.05 were considered statistically significant and held in the final model. The following variables were tested: age (p10 vs 11-20 vs 21-30 vs 430 years), gender, performance score (90-100 vs o90), sites of tumor involvement at diagnosis (central or multi-focal vs extremity or local vs metastatic tumor), tumor recurrence or progression prior to ASCT, year of transplant (1989-1995 vs 1996-2000) and conditioning regimen (TBI vs non-TBI containing). The assumption of proportional hazards was tested using time-dependent covariates and graphical methods. 20 All variables met the proportional hazards assumption. We did not observe a significant center effect on transplant outcome. 21 All analyses were performed in SAS version 9.0 (SAS Institute, Carey, NC, USA).
Results
Patient, disease and transplant characteristics
Patient, disease and transplant characteristics are shown in Table 1 . The median age at ASCT was 18 years. Fifty-four of 116 patients (47%) had localized disease at diagnosis and 55 (47%), metastatic disease. The extent of tumor at diagnosis was not available for seven patients. Of the 54 patients with localized tumor at diagnosis, 27 underwent ASCT as first-line therapy (10 in complete and 17 in partial remission) and 27 after relapse. In the latter group, 14 achieved complete remission, nine achieved partial remission, three stable and one progressive disease at ASCT. For the 55 patients with metastatic disease at diagnosis, 50 patients underwent ASCT as first-line therapy (25 in complete remission, 21 in partial remission and four with stable disease at ASCT) and five after relapse (all five patients were in complete remission at ASCT). The median time from diagnosis to ASCT as first-line therapy was 6 months. For patients transplanted after initial relapse, the median time to first recurrence in patients with local and metastatic disease at diagnosis were 13 months and 6 months, respectively; the median time from recurrence to ASCT was 5 months in this group. One third of patients had performance scores o90 at transplantation. Peripheral blood was the predominant graft used and half of patients received conditioning regimens without TBI. Of these, melphalan-containing regimens were the most frequently used. Among recipients of TBI-containing (n ¼ 46), most received TBI with CY and etoposide (n ¼ 22), or with etoposide and melphalan (n ¼ 21). Only 19 patients (16%) had additional planned therapy after ASCT. This included surgery in all 19 patients and irradiation to the tumor site in 10 patients. The median follow-up of survivors was 57 (range, 16-133) months with only one surviving patient followed for less than 2 years.
Hematopoietic recovery
Nearly all patients achieved neutrophil and platelet recovery after ASCT. The median times to neutrophil and platelet recoveries were 12 days and 22 days, respectively. The day-28 probability of neutrophil recovery was 92% (95% CI, 86-96). The day-100 probability of platelet recovery was 89% (95% CI, 82-94). Three patients failed to achieve hematopoietic recovery; all received peripheral blood grafts, two were in partial remission and one in complete remission at ASCT.
Transplant-related mortality
In multivariate analysis, none of the factors examined were predictive of transplant-related mortality. The day-100 and 1-year probabilities of transplant-related mortality were 4% (95% CI) and 9% (95% CI), respectively.
Relapse or progression
Relapse or progression rates were higher in patients with metastatic disease at diagnosis, recurrent disease prior to transplantation and performance score o90 (Table 2 ). In general, recurrence after ASCT occurred early; the median time to recurrence was 6 months (range 1-73). The 5-year probabilities of relapse or progression for patients with localized and metastatic disease who received ASCT as first-line therapy were 51% (95% CI 30-71) and 60% (95% CI 44-75), respectively. The 5-year probability of relapse or progression for patients with localized disease that relapses prior to ASCT was 75% (95% CI 50-93). Among the five patients with metastatic disease at diagnosis who received their ASCT after relapse, four patients had recurrent disease post-transplantation.
Treatment failure
Treatment failure rates (relapse/progression or death, inverse of PFS) were higher in patients with metastatic disease at diagnosis, recurrent disease prior to transplantation and performance score o90 (Table 2) . We were unable (Figure 1 ). The corresponding probability for patients with localized disease who received ASCT after a recurrence was 14% (95% CI 3-30). Among the five patients with metastatic disease at diagnosis who received their ASCT after relapse, one patient remains disease-free and alive post-transplantation. We were unable to demonstrate significant differences in PFS rates in patients with very good response and partial response pre-ASCT. Use of CD34 selected peripheral blood grafts was not associated with PFS.
Overall mortality Seventy-two of 116 (62%) patients died after ASCT. Mortality was higher in patients with metastatic disease at diagnosis, patients who had a recurrence prior to transplantation and performance score o90 ( Table 2 ).
The 5-year probabilities of overall survival were 52% (95% CI 29-74) and 39% (95% CI 26-53) for patients with localized and metastatic disease respectively who received ASCT as first-line therapy (Figure 2 ). The corresponding probability for patients with initial localized disease who received ASCT after a recurrence was 22% (95% CI 11-40). Recurrent disease was the cause of death in 91% of fatalities (n ¼ 61). Other causes of death included infection (n ¼ 3), organ failure (n ¼ 1), interstitial pneumonitis (n ¼ 1), second malignancy (n ¼ 1) and not reported (n ¼ 5).
Discussion
The prognosis of patients with metastatic or recurrent Ewing sarcoma is poor. We report outcome after ASCT in a large cohort of higher risk patients with Ewing sarcoma who received this therapy as first-line or for recurrent disease. We observed PFS rates of 49% in patients with localized disease and 34% in those with metastatic disease when ASCT was offered as first-line therapy. These rates are comparable to published PFS rates after conventional therapy (chemotherapy, surgery and irradiation) in patients with similar disease characteristics though the recent addition of ifosfamide and etoposide to conventional therapy has resulted in higher PFS rates in patients with local disease. 2, 4 Further, PFS rates reported in the current study where patients received ASCT at several institutions over a decade are comparable to those reported by others 22, 23 and suggest that the results of these smaller prospective trials are generalizable to the results of ASCT as practiced by the North American transplant community.
Most patients with recurrent disease prior to transplantation achieved a complete or partial remission prior to ASCT. Despite this, their long-term outcome was poor. The 5-year PFS rate was only 14% for patients who relapsed prior to ASCT regardless that their initial disease was localized. Our observations are similar to other published reports. 6, 7, 14, 15 In the current report, only five patients with metastatic disease underwent ASCT after an initial relapse, and four of these patients had a recurrence after ASCT. We were unable to examine the effect of duration of first remission, a known predictor of survival after recurrence. 6 Two papers have reported better outcomes after ACST with Busulfan-and melphalan-containing conditioning regimens: PFS rates were 50-60% despite the inclusion of patients with metastatic disease at presentation.
14,15 One of these reports described 21 and the other 18 patients. In a larger series from the European Group for Blood and Marrow Transplantation, 50 patients with Ewing sarcoma received a TBI and melphalan-conditioning regimen with 5-year PFS rates of 21% for patients with metastatic disease transplanted in first remission and 32% for those transplanted in second remission. 16 The higher PFS rate is due to most patients having had local disease at diagnosis. Though over half of patients in the current report received a non-TBI conditioning regimen, because of the heterogeneity of conditioning regimens used, we were only able to examine the use of TBI regimens vs non-TBI regimens and found that this did not significantly affect PFS. Consistent with other reports, 4,7 patients with metastatic disease at diagnosis and recurrence prior to ASCT were more likely to have a second recurrence of their tumor shortly after ASCT. Additionally, patients with a performance score o90 (presumably a surrogate for metastatic tumor, recurrent tumor or heavy pretreatment) fared poorly. Disease progression or recurrence, transplantrelated and overall mortality rates were higher in these patients. We did not observe an adverse impact of tumor site on outcome after ASCT. However, most patients in the current report were high-risk as defined by the presence of metastatic disease at diagnosis or recurrence prior to ASCT. We did not observe differences in PFS rates by tumor site at diagnosis. Shankar et al. 6 also observed this in their patients with relapsed Ewing sarcoma. In the absence of tumor recurrence, patients with extremity tumors at diagnosis have higher PFS rates than those with tumors of the axial skeleton. 1, 6 It is likely that when tumor recurs, disease characteristics considered favorable at diagnosis are no longer relevant, and recurrence and associated characteristics like the duration of first remission become dominant prognostic features. In patients who recurred prior to ASCT, small numbers prevented us from examining disease recurrence and PFS after ASCT.
As with any study that utilizes an observational database, ours has several limitations. These include: (1) patient selection and decision to offer ASCT, (2) heterogeneity of treatments prior to ASCT, (3) heterogeneity of transplant-conditioning regimens and (4) other unknown and unmeasured factors that may influence outcomes after ASCT. Further, we do not collect data on tumor size, histologic response to chemotherapy, fusion transcripts and the interval from diagnosis to relapse in patients who received ASCT as second-line therapy.
We observed 5-year PFS rates of 34% in patients with metastatic disease who received ASCT as first-line therapy. This is similar to PFS rates of 29% after conventional therapy 4 and ASCT appear to offer no additional advantage in this group of patients. For patients with local disease, the addition of ifosfamide and etoposide to conventional therapy has led to PFS rates of 70%, whereas we observed lower rates (49% at 5-years). This is sobering considering patients enrolled on clinical trials are subject to intent-to-treat analysis whereas the population in this report was analyzed from time of transplantation. The role of ASCT can only be addressed satisfactorily when patients with similar disease characteristics are randomized to receive one of two treatment options. Currently an international collaborative randomized trial is examining the role of ASCT and conventional therapy in patients with high-risk Ewing sarcoma (Euro EWING 99). Patients with local tumor or pleural/pulmonary metastases are randomized to receive ASCT or continuing chemotherapy after induction therapy and surgical resection of primary tumor. Patients with local tumor±pleural/pulmonary metastases are eligible if their tumor volume is X200 ml or if they have a poor histologic response to induction chemotherapy (X10% viable cells) independent of tumor volume or metastases to the pleura or lung. Given the poor outcome with metastatic or recurrent Ewing sarcoma, ASCT should be offered to patients enrolled on clinical trials that examine the various therapies in a randomized manner.
